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ABSTRACT

This memorandum is a digest of the results of

studies on solar orientation of the OWS/CSM spacecraft

on the AAP-1/AAP-2 mission.

It is concluded that a reaction thrust system
using either two axis control with spin up or the POP

mode (i.e. OWS roll axis perpendicular to orbit plane)

is sultable for solar orientation. Of these two modes

the POP mode appears preferable principally due to the

present uncertainty regarding the effects of spin.
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BELLCOMM., INC.
1100 Seventeenth Street, NW.  Washington, D.C. 20036

suBlecT: Studies of Solar Orientation DATE:
for AAP-1/AAP-2 — Case 600-3 September 8, 1967

FROM: J. Kranton

MEMORANDUM FOR FILE

INTRODUCTION

This memorandum is a digest of the resutls of studies
on solar orientation of the OWS/CSM spacecraft on the AAP-1/AAP-2
mission . Reaction thrust and CMG methods were considered. The
results of these studies together with a specific recommendation
were presented to C. W. Mathews on August 26, 1967. The vu-
graphs used in that presentation are used as figures in this
memorandum. The text of the memorandum assumes familiarityv
with the background leading to the studies. Should the reader
desire amplification on any of the points in the text or the
figures please contact the author.

REACTION THRUST METHODS

The basic premise for this phase of the study was
that reaction thrusters are mounted on the aft skirt of the
S-IVB (Figure 1). The long moment arm this location provides
minimizes the propellant required to counteract gravity-gradient
and aerodynamic disturbance torques.

Alternate methods of docking the CSM to the OWS are
shown on Figure 2. The port 3 dock has the disadvantage that
in a solar orientation the sides of the CSM do not face the
sun. This translates into a power burden to maintain a satis-
factory environment in the CSM. For this reason the port 3
dock is rejected.

The various reaction thrust methods studied for solar
orientation are listed Figure 3 and are portrayed on Figures 4
through 9.

At this point we will eliminate the quasi-inertial

mode.(l) The reason is that implementation of this mode is
more complex than any of the other modes while the propellant
requirements are not remarkably less. :

(1)B. D. Elrod,"Quasi-Inertial Stabilization of the AAP-1/
AAP-2 Cluster Configuration",Technical Report TR-67-600-3-1,

April 14, 1967.
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Each of the reaction thrust methods was simulated(z)
to determine the propellant requirements for a 28-day mission.
The results are presented in Figures 10 through 13. The curves
indicate the propellant required for stabilization for 28 days
assuming B constant. Actually B8 is variable and the real

requirement depends on the average value of B.(3) Analyzing
the results, we see that the gravity-gradient roll-control
mode does not offer propellant savings over other solar
oriented modes. This coupled with degraded solar efficiency
and a more severe OWS environmental control problem eliminates
fhis mode from further consideration.

We conclude that from a minimum propellant viewpoint
the two best modes are (1) two axis control with spin up and
(2) POP (i.e. OWS roll axis perpendicular to orbit plane.) A
summary of the requirements for these modes is given in Figure 14.
It should be noted that the POP mode requires the least propellant

but has the disadvantage of requiring the addition of a pair of
horizon sensors to the AACS. The number of APS modules shown

are sufficient for the entire OWS mission

U_.LUQJ.U 1l

Concluding remarks on the reaction thrust methods
are given on Figure 17.

CMG METHODS

The results of the studies of CMG methods for solar
orientation are summarized on Figure 19. Briefly, simulations
have demonstrated that an active system with two CMG's can
adequately solar corient the OWS/CSM. Definite conclusions on
a passive CMG system are not available as of this writing due
to difficulties with the simulation. However, three CMG's
may be required for such a system.

An active two CMG system will be more costly in both
system weight and dollars than a reaction thrust system and is
therefore not recommended.

(2)The simulations included the effects of gravity-gradient
and aerodynamic torgues.

(3)w. W. Hough, "The Effect of Launch Time on the Performance
of a Solar Array/Battery Electrical Power System", Technical
Memorandum TM-67-1022-3, July 11, 1967.
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CONCLUSION:

It is concluded that a reaction thrust system using
either two axis control with spin up or the POP mode is suit-
able for solar orientation. Of these two modes the POP mode
appears preferable principally due to the present uncertainty
regarding the effects of spin. The advantages and disadvantages
of the POP mode are listed on Figure 20.

3. Ko
1022-JK-mef J. Kranton

Attachments
Figures 1 through 20
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